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properties (7) . When in contact with water, for example. the skin surface of the newborn adsorbs (holds on to) less water than the surface of human adult skin (7) . The sources of the hydrophobicity of newborn skin are as yet undetermined but likely include a superficial layer of lipids associated with the vernix caseosa.
In this study, we have focused on determining the degree of water binding of the human newborn skin surface during the first 24 h of life. The sorption (binding) and desorption (release) of water were measured by electrical capacitance. a standard method for determining the degree of surface hydration (8) . Specifically. we measured the peak sorption and the rate of desorption of water on the surface of the skin of 13 term newborns before and after perturbation of the surface with isopropanol. Isopropanol was chosen because it is an organic solvent commonly used in most newborn nurseries as a surface disinfectant and as a "degreasing" agent before the application of adhesive tape and surface electrodes.
Human subjects. The study group consisted of 13 term newborns admitted to the Newborn Nursery of the University of Cincinnati Medical Center. All infants were screened by obstetric and family history and physical examination. Exclusion criteria included chorioamnionitis, congenital skin anomalies, maternal drug use of medications, and local abrasions of the skin surface. The infants had an average birth weight of 3200 ± 52 (SEM) and an average gestational age of 39 ± I wk. Seven of 13 infants were female and eight of 13 were black (five were white), and three infants were delivered by cesarean section. All infants were bathed at 4 h of age with Safeguard bar soap. The research protocol was approved by the Institutional Review Board of the University of Cincinnati Medical Center and informed consent was obtained from the mothers before enrollment of the infants in the study.
Capacitance measurements. Skin surface capacitance . as a measure of surface hydration, was determined using a batteryoperated Dermaphase Meter, model 9003 (NOVA Technology Corp., Gloucester, MA). This instrument has a spring-loaded probe head with a flat contact surface (diameter = 5 mm) containing two concentric brass electrodes separated by a nonconducting resin. The instrument readings (c) were converted to pF with the formula (8.38 x 10-6 x c') -(4.0 X 10-3 x c 2 ) + 1.668c -122.1. This formula was generated by fitting a cubic polynomial to the calibration curve provided by NOVA Technology Corp. The capacitance of the skin surface (the ratio of charge to potential on an electrically charged isolated conductor) is directly related to its degree of hydration (8) . Capacitance measurements were performed at the bedside and data downloaded on-line to a Compaq laptop computer. Data files were subsequently transferred to a Hewlett-Packard 486/66N computer for analysis using Lotus 1-2-3 software.
Clinical protocol. Tests of water sorption and desorption were performed in 13 term newborn infants between 12 and 24 h of 443 Abbreviations Pc, change in surface capacitance after water loading Kd, desorption rate ABSTRACT. The development of a hydrophobic skin surface in newborn mammals such as the rat plays an important role in promoting adaptation to the abrupt change in the environment that occurs at birth. To determine whether the skin surface plays a similar role in the human neonate, we performed tests of water sorption and desorption on the chest wall of 13 term newborns. These tests were performed within the first 24 h of life on unperturbed skin (controls) and after perturbation of a contralateral site with isopropanol. The degree of surface hydration was determined by measurement of skin surface electrical capacitance, and desorption rates were calculated by lst-order kinetic analysis. The unperturbed surface of the newborn skin exhibited a peak sorption value (change from baseline after water loading) of 435 ± 83 pF (mean ± SEM) and a desorption rate of 0.048 ± 0.009 S-I. After exposure to isopropanol, the peak sorption value increased to 594 ± 79 pF (p < 0.05) and the desorption rate decreased to 0.024 :t 0. During the last trimester, the skin of the human fetus produces increasing amounts of barrier lipids (1-4). These lipids include the intercorneocyte "cement" within the stratum corneum and the outermost lipid layer on the skin surface, which in its most obvious form appears as vernix caseosa. Birth marks a transition for the human newborn from a wet and warm environment to one that is dry and cool. The human newborn is usually aided in this transition by care providers who wipe excess amniotic fluid off the skin. It is important that during this transition the fluid on the surface of the skin is dried off as rapidly as possible to reduce heat loss due to evaporation (5) .
In an earlier study, we demonstrated that the hydrophobic surface of the skin plays an important role in the newborn rat in promoting adaptation to the change in environment that occurs at birth (6) . Like that of the neonatal rat, the skin surface of the newborn human has been reported to have poor water-binding age. The timing of the study was chosen to conform to the conditions under which other investigators have previously studied the surface of the newborn skin (7, 9) . Specifically, surface capacitance was measured before (baseline) and after application of water to the skin over the left or right chest wall I em medial to the nipples. These sites were chosen because the flat topography over the chest allows easy access in newborns lying supine. After baseline capacitance measurements, the control site was wet with 0.5 mL of water for 10 s, after which excess water on the surface of the skin was blotted three times in succession over a period of 5 s with sterile cotton gauze (Kendall Healthcare Products Co., Mansfield, MA). Surface capacitance was measured 5 s after completion of blotting (peak capacitance). After the peak capacitance measurement, subsequent measurements were made at 20-s intervals until capacitance readings returned to baseline. A schema of the sorption-desorption test used is shown in Figure I .
To determine the effect of perturbing the superficial lipid layer with a common organic solvent, the following procedure was performed: After baseline capacitance measurements, the alternate (test) site was cleaned with three firm strokes of two-ply medium (3.25 x 3.7 em) wipes saturated with 70% isopropanol (Kendall Healthcare Products Co.) and allowed to dry (until capacitance readings returned to baseline). Subsequently, tests of sorption and desorption were performed as described for control sites with each infant serving as his own control. The environmental temperature and relative humidity in the nursery were 24 to 25°C and 38 to 40%, respectively.
Analysis of data. The two primary variables for statistical
comparison were the maximum change in capacitance after water loading (Pc) and the desorption rate (Kd). Pc, a measure of water sorption, was determined by subtracting the baseline measurement from the peak capacitance value after loading of the skin surface with water. The Kd was determined as the slope of the regression line of best fit after logarithmic conversion of the individual data points. This analysis assumes 1st-order kinetics and is modeled by the following equation: Kd = log (Cp)/ log (Ct) x 2.303/t, where Cp and Ct are the capacitance measurements at the onset of desorption and at subsequent time t.
This formula was also used in calculating the time from mean peak to mean baseline capacitance. The data were analyzed using t test for paired samples and the Wilcoxon signed rank test. A p value less than 0.05 was considered significant. Linear regression analyses were also performed on the individual paired data points to test for correlation within the groups. To graphically illustrate the effect of isopropanol on skin-surface water binding, representative desorption plots were constructed from the composite data using the mean peak sorption (Pc) and the mean Kd for all 13 newborns. The data were also analyzed for possible differences due to sex and race. All values are expressed as mean ± SEM.
RESULTS
Baseline capacitance measurements in 13 term newborn infants at control and test sites were 10 ± 1.6 and 7 ± 1.2 pF, respectively. These values did not differ significantly from each other. After tests of water sorption and desorption, control sites exhibited a mean Pc of 435 ± 83 pF and a mean rate of desorption of 0.048 ± 0.009 s-J. When the surface was perturbed with isopropanol, mean sorption increased to 594 ± 79 pF (p < 0.05) and the rate of desorption decreased to 0.024 ± 0.004 S-I (p < 0.01). Figures 2 and 3 are composite graphic representations of the sorption-desorption profile and the desorption slope after logarithmic transformation of the derived data points for all 13 newborns. Linear regression analysis of water sorption at control and isopropanol-treated sites revealed a significant and positive correlation (r = 0.9, p < 0.00 I ) (Fig. 4A) . Similar analysis showed a similar but less significant correlation between paired desorption rates at control and isopropanol-treated sites (r = 0.6, p < 0.05) (Fig. 4B) . The calculated mean time of desorption from peak capacitance to baseline was significantly longer after treatment with isopropanol (79 versus 186 s, p < 0.01). Race and sex were not significant influences. It was not possible to independently evaluate the effect ofthe mode of delivery on the interaction between the skin surface and exogenous water because of the small number of infants delivered by cesarean section. Time (seconds) Fig. 2 . Representative water sorption-desorption profile for the skin (chest) of 13 term newborns and the effect of exposure to isopropanol. The plots represent a composite of data obtained over control and contralateral test sites (see Materials and Methods). Pretreatment with isopropanol resulted in significantly higher peak capacitance (p < 0.05) after wetting the skin surface with0.5 mL of water.
Time (seconds) Fig. I . Schema of the watersorption and desorption test. The ability of the surface of the skin to sorb and desorb water was assessed by a modification of the standard test procedure described by Saijo and Tagami (7) . Aftera baseline reading, the test site wasexposed to 0.5 mL of waterfor 10s. Excess wateron the skin wasremoved by blotting with a cotton gauze sponge over a 5-s period. Initial readings were taken 5 s after blotting, and serial capacitance measurements were taken every 20 s thereafter. Data were plotted using the onset of waterexposure as time Representative water desorption profiles for newborn skin after logarithmic transformation of capacitance measurements and application of 1st-order kinetic analysis (see Materials and Methods). Pretreatment with isopropyl alcohol resulted in a significant decrease in the calculated desorption rate (p < 0.0I) after wetting the skin surface with water.
DISCUSSION
In this stud y, we pro vide evidence that the superficial lipid layer of the newborn skin influences the interaction between the skin surface and exogenous water. Tests of sorption-desorption show that when the skin surface is perturbed by exposure to an organic solvent, the skin sorbs more water and subsequently desorbs it at a slower rate. These findings support the hypothesis that a superficial lipid layer confers two related properties on the skin surface , namely, the ability to limit sorption and the ability to expedite the desorption of water. In other words, the skin surface of the newborn is rendered more hydrophobic by the superficial lipid layer.
The barrier lipids of the newborn epidermis are constituted in part by the intercorneocyte lamellar lipids of the stratum corneum and the lipid components of the vernix caseosa (1-4). The vernix , because of its more superficial location, is particularly susceptible to the action of exogenously applied solvents and, hence, is of potential importance in explaining our results. Biochemically, the vernix is a complex, lipid-rich layer that contains large amounts of squalene and cholesterol esters because of the progressive increase in the activity of the sebaceous glands during the last trimester of gestation (I , 3, 9). Sebaceous gland hypertrophy (commonly seen as milia in the newborn) is generally thought to be secondary to increasing androgenic stimulation by the adrenal glands, which reaches a peak near the time of birth. After birth, the activity ofthe sebaceous glands decreases abruptly only to increase again between 6 and 8 y of age (I). This sequence of activity is reflected in the compositional study of skin surface lipids in newborns, older children, and adults by Ramasastry et at. (10) . These workers found that the skin surface lipids of newborns on the 5th d of life, despite regular baths, were primarily sebaceous in origin and differed from those of older children and adults.
In addition to biochemical analysis, various electrical meas- urements have been used to study human skin (6) (7) (8) (11) (12) (13) (14) (15) . During the last trimester, for example, the production of vernix in conjunction with development of the stratum corneum markedly changes the surface electrical properties of the fetus (16, 17) . The vernix results in the formation of a high resistance "envelope" with subsequent disappearance ofthe fetal ECG as recorded from the surface of the maternal abdomen. In the newborn period, the skin surface has been studied using electrical conductance as a measure of surface hydration (7) . Capacitance, a closely related electrical measurement, has been used extensively in the stud y of the skin of adult humans and animals (6, 8, 13, 14) . The evaporimeter, a commonly used instrument in studies of transepidermal water loss, measures capacitance changes in polymer films as a function of humidity at various distances from the skin surface ( 18) . The findings in the present study are consistent with the recent report of "dry skin" in the human newborn by Saijo and Tagami (7), who used electrical conductance measurements as a measure of surface hydration. These investigators observed that the skin o o of term newborns in the 1st wk of life sorbs less water than that of their mothers over comparable body sites. Such a finding is consistent with a more hydrophobic skin surface in the infant than in the adult but does not necessarily indicate differences in stratum corneum water-holding properties. A comparison of their values using conductance (7) and the values in our study using capacitance reveals similar variability in both the baseline measurements and measurements after water loading (sorption). This variability may be attributable to normal biologic differences in the skin surface among individuals , or it may be that the degree of water sorption is a direct function of the quantity of surface lipids present at the measurement site. In support of the latter interpretation, isopropanol treatment resulted in the highest sorption values in those individuals with the highest control sorption values (Fig. 4A) . Conversely, infants with low water sorption at control sites had low water sorption at isopropanol-treated sites. Desorption rates showed a trend similar to sorption but were less well correlated (Fig. 4B) . These findings are consistent with the hypothesis that more hydrophobic skin surfaces have higher amounts of surface lipids, which are incompletely removed by the method of solvent treatment used in the study. Thus, the observed variation in the control group might be attributable to differences in the amount of surface lipids.
In the discussion of these findings, it is important to recognize that sorption-desorption and transepidermal water loss are different biologic phenomena. Both phenomena are characterized by an interaction between water and skin. The former , however, relates to the transient interaction of the skin surface with exogenous water, whereas the latter generally refers to the movement of endogenous water across the skin. In both events, skin surface lipids may playa limiting role. Our study shows that sorption of water on the skin surface increases significantly after pertubation of the surface by isopropanol. Other investigators have shown that transepidermal water loss decreases significantly in premature infants after the application of artificial lipids to the skin surface (19) . Thus , a superficial lipid layer such as the vernix could in fact act as both a protective barrier against excessive sorption of exogenous water onto the skin surface and a protective barrier against endogenous water loss, aiding in postnatal hydration and plasticization of the underlying stratum corneum.
In summary, we propose that the ability of the newborn skin to limit sorption and increase the desorption rate of topically applied water is an important physicochemical feature that may contribute to the successful transition from a warm, aqueous intrauterine milieu to a cool, dry extrauterine environment. We speculate that the presence of a superficial lipid layer enclosing the newborn infant may minimi ze the amount of heat lost by evaporation of amniotic fluid from the skin. Theoretically, the amount of heat lost by evaporation is dependent on the volume of water; thus, the limitation of sorption may be the parameter of greater physiologic significance. Such a mechanism would be most advantageous during unassisted births. It is conceivable therefore that a hydrophobic skin surface developed in hairless newborn mammals in part as a mechanism for thermoregulatory adaptation at birth.
